Trigalactosyl diglyceride has been isolated from tubers of potato (Solanum tuberosum) by a combination of chromatographic methods. This galactolipid, which constitutes approximately 1% by weight of the total lipids, was characterized by analysis of the intact lipid and its deacylation product. The fatty acids: glycerol: galactose molar proportions were shown to be close to 2: 1:3. Evidence was obtained that suggests that trigalactosyl diglyceride is a higher homologue of mono-and di-galactosyl diglycerides and contains an additional D-galactopyranosyl moiety that is linked oc-(1 -+6) to the terminal galactose unit of digalactosyl diglyceride.
pyranosyl-(1--6) -fl-D -galactopyranosyl-1-glycerol in the products of mild alkaline hydrolysis of lipids from wheat flour, and the parent lipids were identified as MGDG* and DGDG respectively (Carter, Ohno, Nojima, Tipton & Stanacev, 1961a; Carter, Hendry & Stanacev, 1961b) . MGDG and DGDG are the major lipid constituents of chloroplasts (Allen & Good, 1965; Mudd, 1967) and, although interest has recently been focused on the possible role of these lipids in photosynthetic processes (James & Nichols, 1966) , both have also been found in the non-photosynthetic tissues of higher plants that have been studied; for example, in potato tubers (Lepage, 1964a; Galliard, 1968a) , turnip root (Lepage, 1967) , carrot root (T. Galliard, unpublished work), pea root, cauliflower florets and avocado fruit (Ongun & Mudd, 1968) , apple fruit (Galliard, 1968b) , bulbs (Nichols & James, 1964) and wheat flour (Carter et al. 1956 ).
The presence in plants of a higher homologue, TGDG, has also been indicated. Benson, Wiser, Ferrari & Miller (1958) administered [14C]C02 to Chlorella and identified a glyceryl galactotrioside in the deacylation products of the labelled lipids. Neufeld and Hall (1964) Galliard (1968a) . The total lipid extract (2.2g.) was dissolved in chloroform (25ml.) and applied to the column. A slow stream of oxygen-free N2 was continuously passed through the eluting solvents. The following solvent mixtures (500ml. of each) were passed through the column at approximately 5ml./min.: A, chloroform; B, chloroformmethanol (49:1, v/v); C, chloroform-methanol (24:1, v/v); D, chloroform-methanol (9:1, v/v); E, chloroformmethanol (3:2, v/v); F, chloroform-methanol (1:2, v/v). The eluate from each solvent mixture was collected as a single fraction. The lipid composition of each fraction was determined by t.l.c. of suitable samples (Galliard, 1968a) .
MGDG, which was eluted in fraction B, was separated from esterified sterol glucosides on a column of silicic acid (Lepage, 1964b) . Fraction D contained DGDG, which was purified by chromatography on a column ofFlorisil (O'Brien & Benson, 1964) to remove phospholipids and by rechromatography on a DEAE-cellulose column to separate DGDG from glucocerebroside. MGDG and DGDG prepared by these procedures were shown by t.l.c. to be free from other lipids.
I8olation of TGDG. Fraction E contained most of the TGDG together with phosphatidylethanolamine and traces of DGDG, glucocerebroside and an unidentified lipid. Fraction F contained the remaining TGDG together with phosphatidylethanolamine. These fractions were recombined and evaporated to dryness in vacuo; the residue was dissolved in lOml. of chloroform-2,2-dimethoxypropane (19:1, v/v) and the solution run on to a Florisil column (2 cm. x 17 cm. 60-100 mesh; British Drug Houses) with the anhydrous solvent systems described by O'Brien and Benson (1964 Analytical t.l.c. and g.l.c. These were performed as described by Galliard (1968a) . Infrared spectra. I.r. spectra of galactolipids, as approx. 5% (w/v) solutions in carbon disulphide, were obtained by using a Unicam model 200G recording i.r. spectrophotometer (Pye-Unicam Ltd., Cambridge) fitted with a rocksalt micro-cell and reference cell.
Paper chromatography. Monosaccharides and glycerol were separated by descending chromatography on Whatman no. 1 paper in butan-l-ol-pyridine-water (7:3:1, by vol.). The water-soluble deacylation products of galactolipids were subjected to descending chromatography on Whatman no. 1 paper in both phenol-water (5: 2, w/w) and butan-l-ol-propionic acid-water (151:75: 100, by vol.). Polyhydroxyl compounds were detected with the AgNO3-NaOH reagents (Trevelyan, Procter & Harrison, 1950) .
Hydrolytic procedures. Total hydrolysis of galactolipids to glycerol, galactose and fatty acids was carried out with 1m-H2SO4 as described by Galliard (1968a) . Deacylation of the galactolipids was accomplished by the mild alkaline hydrolytic procedure of Benson & Maruo (1958) . The deacylation products were further hydrolysed with 1 M-HCI for 1 hr. at 1000; the hydrolysate was neutralized with NaOH before enzymic analysis of the liberated glycerol and galactose.
Analytical methods. Ethanolic solutions of galactolipids were assayed for total sugar content by the modification (Galanos & Kapoulas, 1965) of the phenol-H2SO4 method (Dubois, Gilles, Hamilton, Rebers & Smith, 1956) , with use of an ethanolic solution of galactose to construct a standard curve. The fatty acid content of lipids was quantitatively determined by g.l.c. analysis of fatty acyl methyl esters prepared from a mixture containing the galactolipid and heptadecanoic acid as an internal standard. Aqueous solutions of galactolipid-hydrolysis products were analysed for total sugar content by the phenol-H2SO4 method (Dubois et al. 1956 ), for reducing sugars by the neocuproine method (Dygert, Li, Florida & Thoma, 1965) and for D-galactose with D-galactose dehydrogenase (Eggstein, 1966; Eggstein & Kreutz, 1966) . Glycerol was determined enzymically by using the glycerokinase-pyruvate kinaselactate dehydrogenase system (Wallenfels & Kurz, 1961) . The deacylation products from the mild alkaline hydrolysis of the galactolipids were treated with fl-D-galactoside galactohydrolase, a sample of the deacylated lipid containing approximately 01-0 2,umole of sugar being incubated at 300 for 4hr. with a mixture containing Ol1M-potassium phosphate buffer, pH7-0, 5mM-KCl and 0Ol mg. of enzyme in a total volume of 0-2ml. The reaction was stopped by the addition of Ba(OH)2 and ZnSO4 (Hestrin, Feingold & Schramm, 1955) and after centrifugation and collection of the supernatant, the reducing sugar liberated by the enzyme was determined by the neocuproine method (Dygert et al. 1965 ). Control samples containing 0 l,umole of D-galactose and appropriate blanks were taken through '336 1969 the above procedures. To investigate the action of pancreatin and fl-D-galactoside galactohydrolase on the intact galactolipids, incubations were performed as described for pancreatin by Sastry & Kates (1964b) . For periodate oxidation studies, the galactolipid-deacylation products (approx. 0 6,umole of sugar) were incubated in the dark at 350 with 6mM-NaIO4 in a volume of 0-5ml. At intervals, samples (501.) of the rmiixture were withdrawn and diluted with water to 5 ml. and the extent ofoxidation was measured spectrophotometrically (Hay, Lewis & Smith, 1965 
RESULTS
The amount of TGDG recovered from the isolation procedure was approximately 20mg., representing about 1% by weight of the total lipid from potato tubers.
Characterization of the intact TGDG. TGDG gave a single spot on t.l.c. in either chloroform-methanolacetic acid-water (85:15:10:3, by vol.) or chloroform-methanol-7M-NH3 (65:3:4, by vol.). Colour reactions given by the lipid when the developed t.l.c. plate was treated with specific spray reagents were identical with those also given by MGDG and DGDG, i.e. 50% (v/v) H2SO4 and partial charring (pink), periodate-Schiff reagents (blue) and anthrone reagent (green). In the chloroformmethanol-acetic acid-water system, the RF values relative to MGDG (RMGDG) of DGDG and TGDG were 0-40 and 0-15 respectively.
The water-soluble products from acid hydrolysis of TGDG were analysed by paper chromatography and found to contam only galactose and glycerol. T.l.c. and g.l.c. of the lipophilic hydrolysis products showed that free fatty acids only were obtained by acid hydrolysis and fatty acid methyl esters by mild alkaline hydrolysis.
The i.r. spectra of the three galactolipids, MGDG, DGDG and TGDG in carbon disulphide solution were compared. All showed basically similar spectra and major absorption bands in each were obtained for the following functional groups: 0-H (3400cm. These results are in agreement with those of Sastry & Kates (1964a) for the i.r. spectra of MGDG and DGDG from leaves. The relative intensities of the hydroxyl absorptions (1080 and 3400cm-1) increased in the order MGDG <DGDG < TGDG, as expected on the basis of carbohydrate content. The molar ratio of sugars to fatty acids in TGDG was 1-53 + 0-06, very close to the theoretical value for a trigalactosyl diglyceride (1.5). The fatty acid composition of the lipid characterized here as TGDG has been described previously (see data for 'polygalactosyl diglyceride'; Galliard, 1968a) .
Characterization of the water-soluble deacylation products from MGDG, DGDG and TGDG. The aqueous extract obtained after mild alkaline hydrolysis of TGDG gave a single spot in each of two solvent systems used for paper chromatography. In Table 1 the RF values for deacylation products from MGDG, DGDG and TGDG are compared with published figures for the corresponding galactosylglycerol derivatives (Ferrari & Benson, 1961) . When a function of the RF values in each of the two solvent systems was plotted against the number of galactose units/mole of deacylated lipid (French & Wild, 1953) a straight line was obtained, suggesting that the glycoside obtained by deacylation of TGDG is homologous with those from MGDG and DGDG and contains three galactose units/mole. The light-brown spots obtained on paper chromatography of the deacylated galactolipids MGDG, DGDG and TGDG all developed at equal slow rates, indicating the absence of reducing sugars.
The analyses of the deacylation products are summarized in Table 2 . The results show that approx. 1 mole of formaldehyde was liberated/mole of each deacylated galactolipid, indicating free vicinal hydroxyl groups in the glycerol moiety of the galactosylglycerols. The periodate consumption was close to 3, 5 and 7 moles/mole of deacylated Mudd, 1968) . Repetition of the experiments of Ongun & Mudd (1968) and analysis of the labelled lipids has shown that their [14C]trigalactosyl diglyceride has chromatographic properties on DEAE-cellulose columns and on t.l.c. identical with those of the TGDG from potato tubers (T. Galliard, unpublished work) . This is probably also the same lipid as that which, after deacylation, gave [14C]trigalactosylglycerol in the experiments with Chlorella .
The analysis of MGDG and DGDG from potato tubers has shown that these lipids have the same structures as the corresponding lipids previously characterized in wheat flour (Carter et al. 1961a,b) and green leaves (Sastry & Kates, 1964a 
